Abstract: Some species of Psychotria (Rubiaceae) are important in herbal medicine, where their extracts are used internally for infections of the female reproductive system, bronchitis, gastrointestinal disturbances, skin irritations, tumors, ulcers, and eye disturbances. The antiproliferative and genotoxic effects of Psychotria myriantha Mull. Arg. and P. leiocarpa Cham. et Schlecht infusions on the Allium cepa L. cell cycle were evaluated. The teas were prepared by infusing the leaves in distilled water, in two concentrations: 1.13 mg/mL and 6.78 mg/mL. Three groups of four bulbs were used for each Psychotria species. After the bulbs rooted in distilled water, they were transferred to the teas for 24 hours, except for the control that stayed in water. The rootlets were then collected, fixed in ethanol-acetic acid (3:1) for 24 hours, and stored in 70% ethanol. For each group of bulbs, 4000 cells were analyzed, calculating the mitotic indexes, submitting them to statistic analysis, using the χ 2 test (p = 0.05). The results showed a decrease in mitotic index with an increase in tea concentration in both species. In P. leiocarpa, the mitotic index values differed significantly between the control and concentration of 6.78 mg/mL (χ 2 = 9.863). For P. myriantha, the values referring to the mitotic index differed greatly between the control and the treatments (χ 2 = 124.8). With this study, it was determined that P. myriantha and P. leiocarpa infusions possess antiproliferative effects on the A. cepa cell cycle, and teas of P. myriantha also have genotoxic activity.
Introduction
Due to intense use of medicinal plants in developing countries, like Brazil, studies on toxicity and mutagenicity of these plants are necessary for secure and correct usage.
Within some of the important medicinal plant species are those that pertain to the genus Psychotria, used by indigenous people to treat colic and diarrhea, and today renown by the pharmacopoeia (Almassy Jr et al. 2005) . Some Psychotria species are important in traditional medicine, where their primary uses are with the female reproductive system, aiding in pre-and post-partum, bronchitis, and gastrointestinal disturbances. In external use, it has been used for skin infections, tumors, ulcers, eye disturbances, like cataplasms, and baths for treating fevers, headaches, and earaches (Perry 1980; Adjibadé 1989; Lajis et al. 1993) .
Psychotria is the largest genus in the Rubiaceae family, pertaining to the subfamily Rubioideae, and tribe Psychotrieae. Many species of Psychotria from southern Brazil contain indolic monoterpenic alkaloids with analgesic activity Santos et al. 2001) . Alkaloids occur in many medicinal plants and possess a long and important history in traditional medicine (Roberts & Strack 1999) . Studies report that the tribe Psychotrieae in Rio Grande do Sul State has 10 species from the genus Psychotria, within those Psychotria myriantha and P. leiocarpa (Dillenburg & Porto 1992) .
P.myriantha is a shrub of up to 2 m in height and occurs from Amazonas and Minas Gerais to Rio Grande do Sul (Smith & Downs 1956 ). In Rio Grande do Sul, this species occurs on the Coast, Central Depression, and High Uruguay (Dillenburg & Porto 1992) . P. leiocarpa also grows as a shrub of up to 2 m in height, being native to Argentina, Paraguay, and Brazil (Smith & Downs 1956 ). In Brazil, it is found from Bahia to Rio Grande do Sul, where it is widely distributed, occurring on the Coast, Central Depression, Missions, SE Sierra, SE Slope, and High Uruguay (Dillenburg & Porto 1992) .
Based on this context, the present study aimed at evaluating the antiproliferative and genotoxic effects of infusions made with P. myriantha and P. leiocarpa leaves on the Allium cepa root-tip meristematic cells.
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G. Lubini et al. Preparation of teas and Allium test Dry P. leiocarpa and P. myriantha leaves were placed into boiling water, remaining in infusion for 10 minutes. The aqueous extracts were then filtered and cooled at room temperature. These infusions were prepared in two different concentrations: 1.13 mg/mL and 6.78 mg/mL, making the treatments called Treatment 1 and Treatment 2, respectively. Two groups of four bulbs of A. cepa were used for each Psychotria species per treatment, plus the third group used as the control (method modified by Knoll et al. 2006) . Beforehand, all the bulbs were placed in distilled water to root, and afterwards were transferred to the teas for 24 h. The control group stayed in distilled water. Subsequently, the rootlets were collected and fixed in ethanol-acetic acid (3:1) for 24 h. Then, they were taken out, maintained in ethanol 70%, and stored under refrigeration until use.
Effects of the teas on the A. cepa cell cycle During slide preparation, three rootlets per bulb, on average, were mounted on a slide, hydrolyzed in 1N HCl for 5 minutes, washed with distilled water, and colored with orcein acetate 2 %. The slides were made using the squashing technique (Guerra & Souza 2002) , and examined observing the cell cycle phases (interphase, prophase, metaphase, anaphase, and telophase), with the help of a compound light microscope under 500× magnification. For each group of bulbs, 4000 cells were analyzed and the mean values of the number of A. cepa cells in each of the cell cycle stages was calculated, determining the mitotic index (MI). The cells where chromosomal irregularities, like anaphasic bridges, breaks, and lagging chromosomes, occurred were registered. The statistic data analysis was carried out using the χ 2 test (p = 0.05), with the statistical program BioEstat 3.0 (Ayres et al. 2003 ). Table 1 shows the total number of analyzed cells with the number of A. cepa cells in interphase and in all the different phases of mitosis, treated with P. leiocarpa and P. myriantha.
Results
In Table 2 , the total number of analyzed cells is presented, as well as the number of cells observed in interphase and in different phases of cell division during the A. cepa cell cycle. In this table, the mitotic index and the cell percentage proportion with the inhibited cell division relating to the control is also shown. Cell inhibition was calculated using the MI values, which were obtained according to Love (1949) .
For the speciesP. myriantha, the MI values were 6.9% for the control, 4% for T1, and 1.87% for T2, significantly differing between the control and the treatments (χ 2 = 124.8) and between the treatments (χ 2 = 31.7), being that T2 presented the smallest MI. In Table 3 , the total dividing cell number and the chromosomal aberrations occurring during the mitotic cell division of the A. cepa root-tip cells are presented, respectively, 0% for control, 11.25% for T1, and 4% for T2, significantly differing between the control and treatments (χ 2 =32.532); however, not differing between T1 and T2 (χ 2 = 3.298).
Extracts affecting mitotic division Analyzing the MI and irregularities of the A. cepa rootlet cell cycle, cell cycle irregularities (CCI) were found in dividing cells submitted to teas of P. myriantha, like breakages (Fig. 1a) , chromosomal retardations and fragments (Fig. 1c) , anaphasic bridges (Fig. 1b,d) , and micronuclei in telophase, only in dividing cells. CCI were not observed during interphase. There was a significant difference between the control, and the treatments, in relation to the CCI appearance (Table 3) .
For the species P. leiocarpa, the MI values (Table 2) of the A. cepa cells were 6.1% for the control, 4.52% for T1, and 1.2% for T2. These results significantly differed between the treatments (χ 2 = 79.521) and between the control and T2 (χ 2 = 136.546); however, they did not differ significantly between the control and T1 (χ 2 = 9.863). The CCI rates (Table 3) dealing with the dividing cells were 0.8% for control and 0% for the treatments, not differing significantly among the three.
It was observed that in the roots of A. cepa exposed to T2 of P. leiocarpa, the cell division inhibition was 80.33%, and for the bulbs treated with T2 of P. myriantha, it was 72.83% (Table 2) .
Discussion
The evaluation of P. leiocarpa and P. myriantha teas using the A. cepa test demonstrated that the teas of these species significantly inhibited cell division in both analyzed concentrations. This indicates the antiproliferative capacity of the teas of P. leiocarpa and P. myriantha. The cell aberration rate is only significant in the concentration 1.13 mg/mL of P. myriantha, which makes the species potentially genotoxic. P. leiocarpa did not present the same results in regard to this analyzed standard, not presenting genotoxic activity.
The MI and replication index are used as indicators of adequate cell proliferation (Gadano et al. 2002) , which can be measured using the A. cepa plant testing system. The chromosomal aberration method in A. cepa roots is validated by the International Program on Chemical Safety (IPCS, WHO) and the United Nations Environmental Program (UNEP), as an efficient test for the analysis and monitoring in situ for genotoxicity of environmental substances (Cabrera & Rodríguez 1999; Silva et al. 2004) .
The cytotoxicity tests, using in vivo plant system tests, like A. cepa, are validated by various researchers who studied this test together with in vitro animal tests, finding similar results (Vicentini et al. 2001; Teixeira et al. 2003) , rendering valuable information for human health. Even though plant metabolism is different, the A. cepa system test is an excellent parameter for cytotoxic analysis (Fiskesjö 1994) ; besides observing the occurrence of chromosomal alterations it can be used as an indication to prevent the general public from consuming a product (Vicentini et al. 2001) .
In agreement with our results obtained from the species P. leiocarpa, a study conducted with the medicinal plant species Plantago lanceolata also presented antimitotic and antigenotoxic effects on the cell cycle of A. cepa (Ç elik & Aslantürk 2006). Ç elik & Aslantürk (2007) also evaluated the effects of an aqueous extract of Lavandula stoechas with the A. cepa test, observing the presence of cytotoxic and genotoxic activities, similar to our results with the species P. myriantha. Ragunathan & Panneerselvam (2007) concluded that curcurim has an antimutagenic potential against sodium azide, which induces clastogenic effects in A. cepa.
Studies have determined the antiproliferative capacity of Pterocaulon polystachyum DC leaf infusions, demonstrating that as the infusion concentration increases, there was a decrease in the MI values by the A. cepa test (Knoll et al. 2006 ). In the same way, antiproliferative capacity of Achyrocline satureioides infusions was shown, which in high concentrations also inhibit A. cepa cell division (Fachinetto et al. 2007 ). Furthermore, both studied species can be used in high concentrated infusions to inhibit cell division in eukaryotes.
In the case of Psychotria, in this study, the antiproliferative capacity in both studied species became evident as well as the potential genotoxicity of P. myriantha. In respect to substances responsible for the occurrence of these events, we emphasize the possibility that high concentrations of some chemical compounds can have an affect (inhibit or stimulate) on the cell cycle, as seen for caffeine in Drosophila prosaltans (Itoyama et al. 1997) , mefloquine on human lymphocytes (Grisolia et al. 1995) , Alpinia mutans Rosc. and Pogostemun heyneanus Benth. extracts on A. cepa root cells (Dias & Takahashi 1994) , and glaucolide B extracted from Vemonia aremphila Mart. on human lymphocytes (Burim et al. 1999; Camparoto et al. 2002) .
The presence of alkaloids, toxicity, and analgesic activity from ethanolic extracts of P. leiocarpa has been evaluated in mice, demonstrating that alkaloids seem to be responsible for the bioactivity of the extracts (Leal 1994) . According to the author, administering ethanolic extract suggests an action of central origin, which can involve opioid and other mechanisms related to central origin sedation, to motor decreasing, and palpebral ptosis. On the other hand, the studied analgesic activity demonstrated that the affect was not dose-dependent and not reversible by nalaxone, suggesting an unspecific effect and not truly indicative for the opioid-type activity. This unspecific analgesic activity from the ethanolic extract of the P. leiocarpa leaves was later confirmed (Elisabetsky et al. 1997 ). An indole alkaloid Nglycolate, N,β-D-glucopyranosyl vincosamide was identified as the largest component from the ethanolic extract of the P. leiocarpa leaves and presented a new structure .
Through analysis of infusions at two concentrations of two species from the genus Psychotria using the A. cepa test system, it is possible to verify the antiproliferative activity of the species P. leiocarpa and P. myriantha, and the genotoxic activity of the latter. We can indicate the use of P. leiocarpa in high concentrations as potentially therapeutic for inhibiting the cell cycle in eukaryotic organisms. More studies will be necessary to establish the use of P. leiocarpa as an antimutagenic in humans, and for the secure use of both species.
